1. Introduction {#sec1}
===============

Muscle invasive bladder cancer (MIBC) is an aggressive malignant disease with early systemic spread. Radical cystectomy (RC) with pelvic lymph node dissection is the standard of care for MIBC [@bib1]. Disease recurrence after RC is relatively common and occurs with greater frequency at distant sites compared to loco-regional recurrence (20%--50% *vs.* 5%--15%) [@bib2]. This is an indirect evidence that systemic treatment modalities may improve outcome of locally advanced bladder cancer. Hence, there is a need for early multimodal therapy to improve prognosis.

There is an emerging trend towards neoadjuvant chemotherapy (NAC) in MIBC. Several randomized controlled trials support the use of platinum-based chemotherapy in MIBC [@bib3], [@bib4]. A meta-analysis which included 11 randomized controlled studies suggested that NAC followed by cystectomy compared to cystectomy alone was associated with a 5% improvement in overall survival and 9% improvement in disease-free survival [@bib5].

The role of NAC was first established by SWOG-8710 trial [@bib6]. It randomized MIBC patients to two groups. One group received 3 cycles of MVAC (methotrexate, vinblastine, adriamycin, cisplatin) followed by RC and the other arm directly proceeded to RC. Patients receiving MVAC were noted to have an improved pT0 rate (38% *vs.* 15%, *p* \< 0.001) and showed survival of 77 months compared to 46 months in the surgery alone arm (*p* = 0.06). Approximately 73% of patients exposed to MVAC experienced grade 3/4 toxicities. Although the survival rate significantly improved in the neoadjuvant group (MVAC regimen), toxicity (myelosuppression and neutropenia) due to MVAC regimen appears alarming. This has led to search for other chemotherapy regimens which can lead to similar results with lesser toxicity.

A non-randomized study by Dash et al. [@bib7] revealed similar complete pathologic response rate and disease free survival in patients receiving GC (gemcitabine and cisplatin) combination as compared to MVAC with significantly decreased toxicity. Similarly, study by von der Masse [@bib8], [@bib9] showed similar response rate (49% *vs.* 46%), progression-free survival (7.7 months *vs.* 8.3 months), median survival (14.0 months *vs.* 15.2 months) and markedly less toxicity, especially in non-hematologic side effects, when compared with MVAC in locally advanced/metastatic disease.

Hence, the current interest of both medical oncologists and urologists is shifting towards GC. In the last decade, publications have started focusing on the role of GC for NAC in MIBC. In literature, most of the evidences for its use in neoadjuvant setting comes from small single centre retrospective studies or prospective case series [@bib10]. In our manuscript, we have included all studies which have described the role of GC in MIBC patients and summarized the results for better insight.

2. Material and methods {#sec2}
=======================

Institutional review board approval was obtained. A systematic literature review was conducted searching the PubMed database in December 2016 using the medical subject heading (MeSH) with the terms gemcitabine, cisplatin, chemotherapy, muscle invasive bladder cancer, and neoadjuvant. Only articles published in English and studies done on humans were included. Patients with resectable MIBC (cT2--4aN0-N1M0) who underwent NAC with GC regime were included. Patients with pure transitional cell carcinoma on histopathology or mixed with squamous/glandular differentiation were included. Patients with all other variants on histology and cT4b disease were excluded from the analysis.

After extensive search on PubMed, we found 13 relevant articles containing data evaluable specifically for neoadjuvant GC. The quality assessment of the studies is done using New Castle Ottawa Scale (NOS) tool [@bib11]. We looked at the following parameters which were published in the above mentioned research articles: 1) Type of study, 2) number of patients treated with neoadjuvant GC, 3) mean age, 4) male/female ratio, 5) schedule and number of cycles given, 6) toxicity profile, and 7) patients receiving neoadjuvant GC who were pT0 at cystectomy. If available, other data elements were also collected, such as 1) average time between completion of neoadjuvant GC and cystectomy, 2) number of patients with non-muscle invasive disease (*i.e*., less than pT2 disease) at cystectomy and 3) number of cycles of chemotherapy delivered.

We have assessed pathologic responses to chemotherapy, which was compared amongst different studies. Complete pathological response (pCR) was defined as pT0N0, and pathologic downstaging (pR) was defined as \< pT2N0 (including pT0/Ta/Tis/T1). Toxicity profile and completeness of chemotherapy schedule were also assessed.

When available, the chemotherapy dosing schedule was recorded and classified as 1) 70 mg/m^2^ cisplatin with 2000 mg/m^2^ gemcitabine of a 21-day cycle, 2) 70 mg/m^2^ cisplatin with 1000 mg/m^2^ gemcitabine of a 21-day cycle, or 3) 75 mg/m^2^ cisplatin with 1200 mg/m^2^ gemcitabine of a 28-day cycle.

3. Results {#sec3}
==========

3.1. Study identification {#sec3.1}
-------------------------

Thirteen studies were identified that met the inclusion and exclusion criteria ([Fig. 1](#fig1){ref-type="fig"}). The detailed quality assessment is shown in [Table 1](#tbl1){ref-type="table"}. In summary, these studies included a total of 754 patients (range: 22 to 150 patients) and were published between 2007 and 2015 ([Table 2](#tbl2){ref-type="table"}). Of these studies, 11 were retrospective institutional analyses, one was prospective and other one was a randomized controlled trial. Most of the studies were conducted in western hemisphere, with only three studies from Asia and one from Egypt. The proportion of male patients ranged from 60% to 86.4% and the median age ranged from 54.2 to 77.3 years in various studies.Figure 1Flowchart of materials and methods.Figure 1Table 1Quality assessment of included studies using NOS tool.Table 1StudySelection domain (max of 4 points)Comparability domain (max of 2 points)Outcome domain (max of 3 points)Quality ratingKim et al. [@bib12]\*\*\*\*\*-\*-\*Fairvan de Putte et al. [@bib13]\*\*\*\*\*-\*-\*FairGalsky et al. [@bib14]\*-\*\*\*\*∗\--PoorGandhi et al. [@bib15]\*\*\*\*\*\*\*\*-GoodChau et al. [@bib16]\*\*\*\*\*\*∗\--PoorKhaled et al. [@bib17]NANANANAFairey et al. [@bib18]\*\*\*\*\*-\*-\*FairPal et al. [@bib19]\*\*\*\*\*\*\*-\*GoodMatsubara et al. [@bib20]\*\*\*\*\*-\*-\*FairScosyrev et al. [@bib21]\*\*\*\*\--\*-\*PoorKaneko et al. [@bib22]\*\*\*\*\--\*-\*PoorDash et al. [@bib7]\*\*\*\*\*\*\*-\*GoodHerchenhorn et al. [@bib23]NANANANA[^1]Table 2Demographic characteristics of the studies.Table 2StudyYearCountryType of studyLength of studySample size, *n*Males, *n* (%)Age (year, median)Kim et al. [@bib12]2015KoreaRetrospective2003--20134738 (80.9)--van de Putte et al. [@bib13]2015--Retrospective1990--20145136 (70.6)63Galsky et al. [@bib14]2015USARetrospective2005--2012146115 (78.8)63Gandhi et al. [@bib15]2015USARetrospective2000--2013150123 (82)62.5Chau et al. [@bib16]2015UKRetrospective2005--20118360 (72.3)68Khaled et al. [@bib17]2014EgyptRCT2000--20025944 (74.6)54.2Fairey et al. [@bib18]2013USARetrospective1985--20115844 (75.9)67Pal et al. [@bib19]2012USARetrospective1995--20122419 (79.2)77.3Matsubara et al. [@bib20]2012JapanRetrospective2005--20102515 (60)67Scosyrev et al. [@bib21]2012USARetrospective1999--20092518 (72)65Kaneko et al. [@bib22]2011JapanRetrospective2007--20112216 (72.7)69Dash et al. [@bib7]2008USARetrospective2000--20064232 (76.2)64Herchenhorn et al. [@bib23]2007BrazilProspective2002--20052219 (86.4)63[^2]

3.2. Chemotherapy regimen {#sec3.2}
-------------------------

Details related to chemotherapy regimen were studied across the 13 studies included in our analysis as shown in [Table 3](#tbl3){ref-type="table"}. The National Comprehensive Cancer Network (NCCN) guidelines suggest 3 to 4 cycles of NAC for survival benefit [@bib24]. Regimen across the studies varied from 3 to 4 weekly cycles with number of cycles ranging from 3 to 4 except for Kaneko et al. [@bib22] and Scosyrev et al. [@bib21] where only 2 cycles were given. The most frequently administered regimen was 70 mg/m^2^ cisplatin on Day 1 with 1000 mg/m^2^ gemcitabine on Days 1 and 8 of a 21-day cycle. Drug intensity (DI) was calculated in three studies ranging from 83.8% to 93.0% for gemcitabine and 91.0%--95.4% for cisplatin.Table 3Variation in chemotherapy regimen among various studies.Table 3StudyNo. of cyclesSchedule (3/4 weekly)Dose of gemcitabineDose of cisplatinDI for gemcitabine (%)DI for cisplatin (%)Kim et al. [@bib12]3.2----------van de Putte et al. [@bib13]331000 mg/m^2^70 mg/m^2^----Galsky et al. [@bib14]3----------Gandhi et al. [@bib15]3,43,41000 mg/m^2^70/35 mg/m^2^----Chau et al. [@bib16]3,431000 mg/m^2^70 mg/m^2^----Khaled et al. [@bib17]331250 mg/m^2^70 mg/m^2^----Fairey et al. [@bib18]43--------Pal et al. [@bib19]3,44,3----9393Matsubara et al. [@bib20]441000 mg/m^2^70 mg/m^2^----Scosyrev et al. [@bib21]2,3,432000 mg/m^2^70 mg/m^2^----Kaneko et al. [@bib22]241000 mg/m^2^70 mg/m^2^83.895.4Dash et al. [@bib7]43615 mg/m^2^ weekly21 mg/m^2^ weekly9091Herchenhorn et al. [@bib23]331200 mg/m^2^75 mg/m^2^----[^3]

A relative DI (RDI) was first calculated for each agent administered to each patient by dividing the target dose by the actual dose rendered. The target dose was generated using the expectation that patients would receive a total of 3 months of NAC (*i.e*., 4 cycles of a 3-weekly regimen, or 3 cycles of a 4-weekly regimen). An average DI for each patient was calculated by averaging the RDI for each agent rendered to the patient.

3.3. Clinical and pathological outcome {#sec3.3}
--------------------------------------

The clinical stage of patients before treatment is shown in [Table 4](#tbl4){ref-type="table"}. All these studies assessed the response of GC regime by calculating the complete pathological response (pCR defined as pT0N0) and pathologic downstaging (\<pR defined as \<pT2N0 including pT0/Ta/Tis/T1) after cystectomy as shown in [Table 5](#tbl5){ref-type="table"}. Overall, pCR was achieved in 20%--63% patients except Kim et al. [@bib12] where only 12.5% patients achieved complete response. Also, pR was achieved in 36%--63.6% patients.Table 4Distribution of patients based on pre-chemotherapy staging (T stage).Table 4StudyT2 *n* (%)T3 *n* (%)T4 *n* (%)Kim et al. [@bib12]------van de Putte et al. [@bib13]11 (21.5)25 (49)15 (29.4)Galsky et al. [@bib14]90 (62)40 (27)16 (11)Gandhi et al. [@bib15]97 (65)38 (25)15 (10)Chau et al. [@bib16]43 (51.8)33 (39.8)7 (8.4)Khaled et al. [@bib17]1 (2)45 (76)13 (22)Fairey et al. [@bib18]28 (49)18 (31)12 (20)Pal et al. [@bib19]19 (91.7)2 (8.3)0 (0)Matsubara et al. [@bib20]9 (36)16 (64)Scosyrev et al. [@bib21]6 (24)19 (76)Kaneko et al. [@bib22]15 (68.2)6 (27.3)1 (4.5)Dash et al. [@bib7]19 (45)19 (45)4 (10)Herchenhorn et al. [@bib23]11 (52.4)2 (9.5)8 (38.1)[^4]Table 5Pathological response after neo-adjuvant chemotherapy and definitive surgery.Table 5StudypT0 (%)\<pT2 (%)Kim et al. [@bib12]12.5--van de Putte et al. [@bib13]31.443.2Galsky et al. [@bib14]31--Gandhi et al. [@bib15]35--63--Chau et al. [@bib16]36.9--Khaled et al. [@bib17]25.6--Fairey et al. [@bib18]27.345.5Pal et al. [@bib19]2558Matsubara et al. [@bib20]4044Scosyrev et al. [@bib21]2044Kaneko et al. [@bib22]5063.6Dash et al. [@bib7]2636Herchenhorn et al. [@bib23]26.7--[^5]

3.4. Survival analysis {#sec3.4}
----------------------

The survival data reported in the studies were analysed. The detailed survival data are enumerated in [Table 6](#tbl6){ref-type="table"}. A few studies have calculated overall survival while others have focussed on disease free survival.Table 6Survival analysis.Table 6StudyOverall survival (%)Disease free survival (%)Galsky et al. [@bib14]26.8 months--Gandhi et al. [@bib15]--58% (5-year)Chau et al. [@bib16]65.8% (3-year) (age≥70 years) 63.2% (3-year) (age \<70 years)--Khaled et al. [@bib17]51.9% (3-year)31.8% (3-year)Fairey et al. [@bib18]24.8 months--Pal et al. [@bib19]104.3 months--Matsubara et al. [@bib20]--66.7%Scosyrev et al. [@bib21]68%--Dash et al. [@bib7]--67.5%Herchenhorn et al. [@bib23]36 months57.2%[^6]

3.5. Toxicity {#sec3.5}
-------------

Although the general tolerability of the treatment regimen was satisfactory, only five studies provided an analysis of specific toxicities related to neoadjuvant GC. Only grade 3/4 toxicity was analysed across all the studies as it leads to dose modification and discontinuation of treatment. All these are as shown in [Table 7](#tbl7){ref-type="table"}.Table 7Toxicity profile.Table 7StudyToxicity profile (Grade 3/4)Anemia, *n* (%)Neutropenia, *n* (%)Thrombocyto-penia, *n* (%)Nausea/Vomiting, *n* (%)Diarrhea, *n* (%)Van de Putte et al. [@bib13]1 (2.6)2 (5.1)0 (0.0)1 (2.6)--Khaled et al. [@bib17]2 (3.4)3 (5.2)3 (5.2)22 (40)1 (1.7)Matsubara et al. \[[@bib20]8 (32)10 (40)10 (40)----Kaneko et al. [@bib22]1 (2.4)6 (14.3)9 (21.4)0 (0)0 (0)Herchenhorn et al. [@bib23]0 (0)7 (33.3)1 (4.76)6 (28.6)--[^7]

4. Discussion {#sec4}
=============

Bladder cancer accounts for a significant proportion of hospital occupancy and is an important cause of morbidity and mortality amongst elderly men. Approximately 70% of bladder cancers are non-muscle invasive at presentation. The remaining 30% of bladder cancers are muscle invasive/metastatic at the time of presentation [@bib2].

Overall 5-year survival after RC with pelvic lymph node dissection is 50% for organ confined disease, which decreases to 30% with extra-vesical extension and lymph node involvement [@bib2]. Since a significant proportion of these patients have micro-metastases at the time of surgery, early multimodal therapy in the form of systemic chemotherapy is expected to improve prognosis. Now, there is an emerging trend towards NAC in MIBC, as also recommended by European Association of Urology (EAU) [@bib25]. According to EAU guidelines, patients with T2--T4a, cN0Mo bladder cancer are offered cisplatin based NAC.

There is level of evidence 1a (LE 1a) and grade of recommendation A (GR A) from several randomized controlled trials that supports the use of platinum-based chemotherapy in MIBC [@bib3], [@bib4], [@bib25] (LE 1a---Evidence obtained from meta-analysis of randomised trials. GR A---Based on clinical studies of good quality and consistency addressing the specific recommendations and including at least one randomised trial). In the advanced bladder cancer meta-analysis [@bib5], platinum based chemotherapy showed a 5% improvement in overall survival at 5 years. Although cisplatin based NAC followed by RC is the standard treatment for MIBC [@bib26], it has been underused. In surveillance, epidemiology and end results analysis by Gore and colleagues [@bib26], it was demonstrated that only 21% of patients underwent RC out of 3262 MIBC patients. This could be attributed to treatment related morbidity and mortality. A report from National Cancer Database published in the year 2007 revealed that only 1.2% of patients received NAC and 10.4% received adjuvant chemotherapy in a subset of 7000 patients with MIBC. Trend towards NAC is increasing, and National Cancer Database in 2014 showed that 16.9% of patients with MIBC received NAC [@bib27].

There are several arguments in favour of cisplatin-based NAC for patients with MIBC.i.Systemic chemotherapy is often better tolerated before surgery, rather than after surgery. Patients are able to tolerate higher doses and a greater number of cycles before surgery than post-operatively [@bib28].ii.Patients who present with micro-metastatic disease will receive chemotherapy in a more timely manner, when their burden of disease is potentially low.iii.NAC has the potential to downstage bulky and locally advanced tumors, allowing for a higher likelihood for negative surgical margins that are a known predictor of local recurrence following cystectomy. A study reported that 31.2% of patients who received NAC were downstaged as compared to 7.6% who immediately underwent RC [@bib29].ⅳ.NAC allows the clinician to assess each individual\'s response to therapy, and it thus helps in guiding the adjuvant treatment strategy by identifying ineffective agents that should be avoided postoperatively [@bib29].

There are concerns regarding delay in RC in patients who receive NAC that can result in worse pathological outcomes, but the report from National Cancer Database demonstrated similar mean time from diagnosis to RC (3.3 months *vs.* 3.8 months) between those who did not or did receive NAC [@bib27]. Moreover, a study reported that use of NAC is not correlated with increased risk of complications, reoperations, wound infection or wound dehiscence [@bib30].

Considering the above facts, there are now several drugs available for NAC. The most commonly employed chemotherapy regimens include: GC, Classic MVAC, ddMVAC (dose dense methotrexate + vinblastine + adriamycin + cisplatin) and CMV (cisplatin + methotrexate + vinblastine). The different neoadjuvant regimens have not been compared in randomized trials; retrospective evidence has not identified substantial difference between the various regimens [@bib14].

Paradigm has now shifted from using MVAC regime to GC regime as there is less toxicity in patients given GC regime with similar pathological outcomes as outlined in introduction section. Here, we would like to mention the regime of ddMVAC, as studies have shown that ddMVAC has a safer toxicity profile, shorter time to surgery, and a similar complete pathologic response compared to historical MVAC [@bib31], [@bib32]. Only a randomized trial comparing ddMVAC and GC could answer the question in terms of better response and survival along with lower toxicity profile, and such a trial is ongoing in France. Due to a lack of study giving a concise detail of all the studies using GC regime in MIBC patients, we chose to do research on this topic.

In our review, out of 754 patients with MIBC, we reported pCR in 30.8% patients and pR in 40.86% patients. Prospective analysis of MVAC in SWOG-8710 analysis showed pCR rate in 38% of patients [@bib3] compared to 30.8% with GC exhibited in our present analysis. On applying intention to treat analysis, pT0 rate was 32% as per SWOG-8710 data. Other retrospective studies on neoadjuvant MVAC done in past have shown pT0 ranging between 19% and 31% [@bib7], [@bib33], [@bib34].

Earlier, overall survival was taken as primary end point to assess the effect of NAC. Although overall survival still remains the gold standard to assess end point, recently, various studies have tried examining other clinical parameters that can be analysed in a shorter time period. Hence, pathological down staging is now being used as a surrogate indicator for long-term oncologic control and survival [@bib35], [@bib36].

The pathological response rate varies widely amongst various studies. This heterogeneity in response arises from different inclusion criteria, varying schedule and dosing of GC regime, and lack of randomized controlled trials. In a pooled analysis of seven studies incorporating 164 patients receiving GC, Yuh et al. [@bib10] reported a pCR rate of 25.6%. Some studies have analysed the factors predicting pCR following NAC; cT stage has been found to be a predictor for overall survival and disease free recurrence in patients receiving NAC [@bib18].

Five out of 13 studies showed toxicity data for neoadjuvant GC regime, of which three studies were retrospective in nature. The most common side effects reported in literature are anemia, leukopenia, thrombocytopenia, vomiting and diarrhea [@bib13], [@bib17], [@bib20], [@bib22], [@bib23]. Frequency of Grade 3/4 anemia was reported in range of 0--32%. The frequency of vomiting was 2.6%--40.0% of patients in literature. Thrombocytopenia was seen in up to 40% of patients in previous studies. The varying frequency of adverse effects between various studies is probably due to different patient profile, dosage forms and number cycles of chemotherapy. Although the rate of adverse events with GC regime appears lower than with studies done on MVAC earlier [@bib7], [@bib8], [@bib9], further randomized studies between MVAC and GC will substantiate the opinion that neoadjuvant GC has a more favourable toxicity profile.

There are a few limitations in our study. Although appropriate MeSH terms were used, the heterogeneity in treatments administered in terms of dosage and schedule, varying indications for NAC and patients not undergoing cystectomy following NAC affected the results. Due to lack of data, we could not assess NAC dose adjustment, growth factor support, morbidity, mortality, performance status, renal function and the presence of hydronephrosis.

5. Conclusion {#sec5}
=============

As per latest guidelines, NAC is recommended for patients with MIBC. NAC is underutilized all over the world. There is substantial pathological response rate with low toxicity in patients of MIBC who receive neoadjuvant cisplatin and gemcitabine.
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